Nine strains of Rochalimaea spp. that were isolated from patients over a period of 4.5 years were characterized for their enzyme activities, cellular fatty acid compositions, and DNA interrelatedness among Rochalimaea spp., Bartonella bacilhformis, and Afipiafelis (cat scratch disease bacillus). All except one isolate, which was Rochalimaea quintana, were determined to belong to a newly proposed species, Rochalimaea henselae sp. nov. After recovery from clinical material, colonies required 5 to 15 days of incubation to become apparent. Cells were small, gram-negative, curved bacilli and displayed twitching motility. Enzyme specificities for amino acid and carbohydrate substrates showed that R. henselae could be distinguished from Rochalimaea vinsonii by L-arginyl-L-arginine and L-lysyl-L-alanine peptidases, but not all strains could be distinguished from R. quintana on the basis of peptidases or carbohydrate utilization. R. henselae also closely resembled R. quintana in cellular fatty acid composition, with both consisting mainly of C18:1, C18:0, and C16:0 fatty acids. However, the strains ofR. henselae all contained C18.0 in amounts averaging .22%, in contrast to R. quintana, which contained this cellular fatty acid in amounts averaging 16 and 18%. DNA hybridization confirmed the identification of one clinical isolate as R. quintana and showed a close interrelatedness (92 to 100%) among the other strains. Under optimal conditions for DNA reassociation, R. henselae showed approximately 70% relatedness to R. quintana and approximately 60% relatedness to R. vinsonii. Relatedness with DNA from B. bacilliformis was 43%. R. henselae was unrelated to A. felis. R. henselae is the proposed species of a newly recognized member of the family Rickettsiaceae, which is a pathogen that may be encountered in immunocompromised or immunocompetent patients. Prolonged fever with bacteremia or vascular proliferative lesions are clinical manifestations of the agent.
Rochalimaea spp. belong to the order Rickettsiales. Among members of this order that are known to be human pathogens, only Rochalimaea quintana and Bartonella bacilliformis are cultivable on bacteriologic media. Both are regarded as rare causes of infection in most parts of the world, although recent epidemics of bartonellosis have occurred in regions of the Peruvian Andes, where the organism is endemic (16) .
R. quintana is the agent of trench fever, which is also known as Volhynia fever, Meuse fever, His-Werner disease, shinbone fever, shank fever, and quintan or 5-day fever (27) . Bartonellosis is also known as Carrion's disease, and in the septicemic phase it is known as Oroyo fever (15) . A distinct manifestation of bartonellosis is the cutaneous phase of the disease, known as verruga peruana (3) . This is characterized by a dermal eruption consisting predominantly of vascular endothelial cell proliferation. The clinical and histologic appearances of these lesions are similar to those of Kaposi's sarcoma (4) , cat scratch disease (10, 13, 17) , and bacillary angiomatosis (BA). While they can usually be distinguished histologically, several reports have addressed difficulties in diagnosis (2, 4, 10, 18) . BA, referred to as epithelioid angiomatosis (12) before the association with bacilli was established histologically (5) , is most commonly diagnosed in human immunodeficiency virus (HIV)-infected patients. It is distin-guished from Kaposi's sarcoma by its absence of malignant cells and its response to antimicrobial therapy (5) . Another condition, peliosis hepatis, is seen in some patients in conjunction with BA (23, 31) , and it is also characterized by angiogenesis. The liver is the organ that is usually involved, but peliosis of the spleen has also been reported. The presence of bacteria in peliosis hepatis was recently documented by Perkocha et al. (23) .
In 1986 we encountered the first of several isolates of R. quintana-like organisms (RLOs) in blood cultures of septicemic adults at the Oklahoma Medical Center (30) . Subsequently, we and others have seen apparent cutaneous (BA) and visceral (splenic and hepatic peliosis [23, 31] ) manifestations of disease produced by the organism as well as additional cases of septicemia (9, 19, 29) . Evidence linking BA, peliosis, and bacteremia caused by this organism has been established by recovery of the organism from infected tissue, histopathology, and DNA sequence analysis of the partial 16S rRNA gene in situ and from the organisms in pure culture (25) . The latter was accomplished after Relman et al. (26) and Slater et al. (29) independently concluded that the agent associated with BA and a newly recognized agent of bacteremia resembled R. quintana but were not identical to R Characterization. In view of their general lack of reactivity in standard biochemical tests (29) , all isolates were subjected to testing for preformed enzyme activity toward amino acid- 
RESULTS
Summary of cases. Details of the clinical illnesses of our first five patients were described previously (29) . We have isolated R. henselae from a total of eight individuals and R. quintana from one individual over a 4.5-year period ( Table 1) . The organism was isolated from the blood of seven patients on multiple occasions and from the spleen of one patient (strain 91-148). Four patients were infected with HIV, with one patient having already developed AIDS. Two patients were recipients of allogeneic transplants (one bone marrow, one kidney) several years before the infection; both were receiving immunosuppressive agents. The remaining three patients were immunocompetent. No epidemiologic association existed among any of these patients. They developed their illnesses in widely separate locales in Oklahoma. Only one patient had a documented history of previous tick exposure, which occurred 1 week prior to the onset of his illness.
In the HIV-infected patients, R. henselae infection was characterized by an insidiously developing, prolonged symptom complex of malaise, fatigue, weight loss, and recurring fevers of gradually higher elevations. These symptoms spanned weeks to months before a diagnosis was made. In the first two patients, brief courses of antibiotic treatment with agents to which the isolates ultimately proved susceptible in vitro resulted in transient improvement in symptoms, but this was followed by relapse. In these patients, 1 month or more of antibiotic treatment was necessary before the fever was eradicated, but no further blood cultures were positive. The first of these patients was also ultimately shown to have bacillary peliosis hepatis (25, 31) . In the third patient, prompt lysis of fever occurred within days of the institution of doxycycline, which was administered for 1 month. However, 1 week after its discontinuation, both clinical and bacteriologic relapses occurred, requiring a second month-long course of high-dose erythromycin.
In contrast, the HIV-uninfected patients, whether pharmacologically immunosuppressed or immunocompetent, all had abrupt onsets of febrile illnesses. The three patients which we described in detail previously (29) all had rapid clinical improvements with short courses of antimicrobial treatment (no longer than 10 days) and no subsequent clinical recurrences. We have since followed another immunocompetent patient with fever and bacteremia who had clinical and bacteriologic relapses after his first course of 10 days of tetracycline and after his second course of 10 days of doxycycline. He was cured after 2 weeks of chloramphenicol bacilliformis, also suggested that strain 90-268 was more closely related to R. quintana than to the other RLOs (Fig. 1) . In accord with the qualitative and quantitative differences in CFA composition, a relatively distant relationship of all Rochalimaea spp. to B. bacilliformis was observed.
DNA hybridization. DNA hybridization results are given in Table 4 . RLO 90-268 was definitely R. quintana, exhibiting 100% relatedness, with 1.5% divergence in related sequences, to the R. quintana type strain. The eight other strains formed a single, highly related hybridization group indicative of a single species. This species was 55 to 71% related to R. quintana and R. vinsonii and was 43% related to B. bacilliformis. R. quintana and R. vinsonii were 55 to 68% related in reciprocal reactions. R. quintana was 41 to 45% related to two strains of B. bacilliformis.
DISCUSSION
The initial reports (23, 26, 29) which raised the possibility (14) of a single newly recognized Rochalimaea-like agent that produces at least three different manifestations of infection have been corroborated by subsequent observations VOL. 30, 1992 on August 14, 2017 by guest http://jcm.asm.org/ Downloaded from (29) . Freshly prepared blood medium was used by Vinson (34) and also in a later study by Varela and colleagues (33) , but the latter investigators noted that for growth of some strains of R. quintana, heat inactivation of complement was required. As with R. quintana (20, 21) , erythrocytes or an erythrocyteassociated factor promotes optimal growth of R. henselae. Weaker growth on media such as Haemophilus test medium suggests that the blood requirement may be partially replaced by hemin or starch. Because of the highly fastidious nature of R. henselae, the efficiency of laboratory diagnosis by culture is unknown. Therefore, studies to determine the prevalence of this pathogen will be complex to conduct and will probably need to include antigen and antibody detection. Further analysis of the 16S rRNA gene (11, 25) (32) .
Confirmatory identification of R. henselae is not aided by conventional or rapid test kits for biochemical characterization. The isolates are unreactive in the commonly applied tests (29) . Special requirements for the demonstration of decarboxylase activities of other Rochalimaea spp. have been reported (35) . Our results and those of Clarridge et al. (9) suggest that testing of isolates by use of substrates for preformed enzymes may be useful. Screening for additional enzyme specificities should be done, because the substrates used in the present study did not allow the differentiation of three strains from R. quintana. While very similar in CFA composition to R. quintana, it appears that R. henselae can apparently be identified on the basis of the amounts of C18:1, C16:0, and C18:0. This would be the most practical approach to identify R. henselae for laboratories that have access to gas-liquid chromatography for CFA analysis. We also have developed polyclonal antiserum that is reactive in immunofluorescence assays with R. henselae and that is unreactive with other organisms, including R. quintana (31) , and thus allows an early presumptive identification to be made. DNA hybridization leaves no doubt that all of the RLOs are members of the genus Rochalimaea, with strain 90-268 being R. quintana and the other eight strains representing a previously unrecognized Rochalimaea species, which in all probability includes the etiologic agent of BA and parenchymal bacillary peliosis. By mutual agreement with Regnery et al. (24) , the name R. henselae sp. nov. is proposed for this new species.
On the basis of the previously reported differences in genome size, guanine-plus-cytosine content, lack of DNA relatedness, and low level of 16S rRNA sequence homology between A. felis (cat scratch disease bacillus) and R. quintana, it is not surprising that R. henselae and A. felis DNAs are essentially unrelated (Table 4) (6, 8, 22) .
The 16S rRNA sequence homology of B. bacilliformis and R. quintana is 91.7%; that between R. quintana and Brucella melitensis biotype abortus (Brucella abortus) is 92.5%, and that between B. bacilliformis and B. melitensis biotype abortus is 91.3% (22) . Those sequence homology values are consistent with each of these species being in a different genus. However, the greater than 40% DNA relatedness by hybridization between B. bacilliformis and Rochalimaea species argues that all of these species should be in the same genus.
Bartonella is classified in the family Bartonellaceae, whereas Rochalimaea is classified in the family Rickettsiaceae; however, the 16S rRNA sequence homology between these genera is much greater than that between Rochalimaea and other genera (Rickettsia, Ehrlichia) in the family Rickettsiaceae (8) . Furthermore, the 16S rRNA sequence homologies of both Bartonella and Rochalimaea species to B. melitensis biotype abortus, which is not considered to be a rickettsia, is substantially higher than their relatedness to members of the genus Rickettsia (8) . These inconsistencies should be addressed in a systematic study of rickettsial classification.
VOL. 30, 1992 on August 14, 2017 by guest http://jcm.asm.org/ Downloaded from
